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		Per Method Guidance and Recommendations for WET Testing (40 CFR Part 136) (EPA 821-B-00-004)



		pg 4-4		Review of Concentration-Response Relationships

				"In general, when unexpected or apparently anomalous concentration-response relationships are encountered, EPA recommends the following:"



		1		Attempt to determine a cause for the response

		2		Follow guidance for specific concentration response patterns

		3		Increase testing frequency

		4		Coordinate with regulatory authorities, permittees and testing laboratory

				pg 4-5

		pg 4-5		This chapter provides additional guidance on reviewing test data; it is not the intent of this chapter to recommend the frequent disqualification and repetition of WET tests. Several warnings and safeguards should be considered when implementing the guidance in this chapter. First, unexpected concentration-response relationships should not occur with any regular frequency. Second, it is not recommended to screen only those tests in which toxicity is found at or below theregular frequency. receiving water concentration (RWC). If screening is to be done for unexpected concentrationresponse relationships, all tests should be screened in a similar manner. Third, all testing results should be reported to the regulatory authority, and the regulatory authorities should review all tests (including those disqualified and repeated). Regulatory authorities should be alert to patterns such as a high or increasing test rejection rate or a tendency for disqualified tests to show toxicity more often than tests accepted without qualification.... The guidance focuses on determining a cause for unexpected concentration -response patterns by recommending a step-by-step process. Based on this review, the guidance may recommend acceptance of the calculated results (eg NOEC or IC25) as valid and reliable, explanation of the calculated results as anomalous or retesting.

														CRM / VC COMMENTS

		Patterns of Concentration Response Relationships



		1		Ideal concentration-response relationship										RELIABLE RESULTS FOR NOEC/EC 25 SINCE THE STATISTICAL METHODS WERE BASED ON THIS IDEAL RELATIONSHIP.

				"Under these circumstances, the hypothesis testing and point estimation techniques recommended in the WET method manuals provide reliable results.

















		2		All or nothing response										VALID CONCENTRATION RESPONSE RELATIONSHIP AND NOEC/EC25 WILL PROVIDE RELIABLE RESULTS

				While not ideal, this pattern also represents a valid concentration-response relationship, and both hypothesis testing and point estimation techniques recommended in the WET method manuals will provide reliable results.
results.





















		3		Stimulatory response at low concentrations and detrimental effects at higher concentrations										VALID CONCENTRATION RESPONSE RELATIONSHIP AND NOEC/EC25 WILL PROVIDE RELIABLE RESULTS



				This concentration-response pattern, while nonmonotonic, is still a valid concentration-response relationship, and both hypothesis testing and point estimation techniques recommended in the WET method manuals will provide reliable results.















		4		Stimulation at low concentrations but no significant effect at higher concentrations



				If the response pattern depicted in Figure 4.6 (stimulation at low concentrations but no significant effect at higher concentrations) is encountered, the following review steps should be taken in addition to standard test review procedures:										REVIEW STANDARD TEST PROCEDURES.

				a. Evaluate the concentration range  NA

				b. Compare hypothesis testing results and point estimates - NA

				c.Evaluate control response - It is possible that the response pattern depicted in Figure 4.6 could result from poor performance in the controls rather than stimulation at the lower test concentrations. This poor control performance could cause a toxic effect at higher test concentrations not to be detected. To evaluate this possibility, compare the control responseconcentrations not to be detected. To evaluate this possibility, compare the control response to the normal control performance for the laboratory. If (1) a particular test exhibits the response pattern depicted in Figure 4.6, (2) there is disagreement between NOEC and IC25 estimates, and (3) the mean control response is well below the laboratory’s normal range of control performance; retesting of the effluent is recommended even if the minimum test acceptability criteria have been met. For example, if a laboratory consistently achieves a control mean of 25-30 neonates for the Ceriodaphnia dubia 3-brood chronic test, a control mean of 15-18 neonates (in conjunction with a non-ideal concentration-response curve and disagreement between the NOEC and IC25) would warrant retesting. In this situation, suppressed control performance could be considered as the cause for this response pattern rather than stimulation. A review of control performance should also  investigate the possibility of poor performance in a single replicate substantially reducing the mean control response. In this case, retesting is also recommended.										Retest only recommended if 1, 2 AND 3 apply. CSDLAC checksheet should be clarified. #3 is that the mean control response is well below the laboratory's normal range of control performance.  Since followup only occurs if the NOEC and IC25 disagree, and the TST doesn't use those values, this evaluation is not appropriate. 

				- Evaluate the test sensitivity (diescrepancies between IC25 and NOEC) 										NOT APPLICABLE

				acceptability criteria have been met. For example, if a laboratory consistently achieves a

				control mean of 25-30 neonates for the Ceriodaphnia dubia 3-brood chronic test, a control

				mean of 15-18 neonates (in conjunction with a non-ideal concentration-response curve and

				disagreement between the NOEC and IC25) would warrant retesting. In this situation,

				suppressed control performance could be considered as the cause for this response pattern

				rather than stimulation. A review of control performance should also investigate the

				possibility of poor performance in a single replicate substantially reducing the mean control

				response. In this case, retesting is also recommended.

				- Evaluate the ICp calculation (discrepancies due to bias from the Icp smoothing technique) 										NOT APPLICABLE





		5		Interrupted concentration response: significant effect bracketed by non-significant effects

				This response pattern is characterized by a single test concentration showing a significant difference from the control while adjacent higher and lower test concentrations do not differ significantly from the control (Figure 4.7).

				In circumstances where the concentration-response relationship is non-monotonic (as in Figure 4.7), the identification of NOEC and LOEC values is severely compromised (Chapman et al., 1996). For this response pattern, the following review actions should be taken in addition to standard test review procedures to determine the validity of results obtained by hypothesis testing:

				a. Check for test condition or procedural errors - The concentration-response relationship depicted in Figure 4.7 could result from test conditions errors (such as pH, DO, salinity, or temperature excursions) occurring in isolated test replicates. This concentration-response pattern also could be due to procedural errors such as failure to properly randomize test organisms or test chamber placement. The laboratory should verify that all test conditions were within ranges required by the WET method manuals for the given test method. The laboratory should verify that the assignment of test organisms to individual treatments was properly randomized (Davis et al., 1998). If test condition or procedural errors are identified, the sample should be retested.										CHECK FOR TEST CONDITION OR PROCEDURAL ERRORS.  AS NOTED ABOVE, THESE SHOULD NOT OCCUR VERY FREQUENTLY AND ALL TEST RESULTS SHOULD BE REPORTED.

				b. Evaluate within-treatment variability - It is possible for poor performance in a single replicate to bias the mean response for a given test concentration and cause that concentration to differ significantly from the control. For this reason, the within-treatment variability should be evaluated for the significantly different treatment. If the variability (standard deviation or CV) for that treatment is considerably greater than for other treatments, then responses of individual replicates should be investigated. This investigation may show that a single outlier replicate has biased the treatment mean. If this is the case and the responses from all but the single outlier replicate are consistent with the control response, then the sample should be retested										WITHIN TREATMENT VARIABILITY IS REVIEWED TO DETERMINE THE VALIDITY OF THE CALCULATED NOEC AND LOEC VALUES. SINCE NOEC/LOEC ARE NOT NEEDED FOR TST, THIS REVIEW TO IDENTIFY A SINGLE OUTLIER THAT HAS BIASED THE RESULTS OF A SIGNIFICANT EFFECT BRACKETED BY NON-SIGNIFICANT EFFECTS IS NOT APPLICABLE FOR THE TST.  HOWEVER, APPENDIX D-3 OF UNDERSTANDING AND ACCOUNTING FOR METHOD VARIABILITY (EPA-833-R-00-003) STATES THAT REFERENCE TOXICANT VARIABILITY RESULTS FALLING OUTSIDE THE +/- 2 STD DEVIATIONS OF THE CUMULATIVE MEAN VALUE SHOULD BE CAREFULLY REVIEWED AND THAT DATA PRODUCED DURING THESE "OUT OF CONTROL" CONDITIONS SHOULD BE CONSIDERED SUSPECT.

				C. Evaluate test sensitivity - When the response pattern depicted in Figure 4.7 is encountered, it is important to evaluate test sensitivity. If test sensitivity is low (e.g. high MSD values), large effects at higher test  concentrations may not be detected as statistically significant. To evaluate test sensitivity, compare the MSD for the test to benchmark criteria for the given test method (see Chapter 2 of this guidance and USEPA, 2000) and to the laboratory’s historical test sensitivity performance. As previously mentioned, laboratories are encouraged to track test sensitivity (as %MSDs) for tests conducted over time. If test sensitivity is low (i.e., MSDs are above maximum recommended criteria or typical laboratory performance), then the sample should be retested. Consult Section 6.4 in USEPA (2000) for additional guidance on implementing upper and lower bounds on test sensitivity. If test sensitivity is moderate to high (i.e., MSDs below the maximum recommended criteria and within The laboratory’s typical performance range) and none of the preceding evaluations have determined a cause for this response pattern, it is likely that the significantly different treatment is the result of a Type I error. A Type I error is the error of incorrectly rejecting the null hypothesis (assuming that the treatment is significantly different from the control) when in fact the null hypothesis is true (the treatment is not significantly different from the control). In this situation, due to the absence of a valid concentration-response relationship, the intermediate concentration that was determined by hypothesis testing to be statistically different from the control should be considered anomalous, and the NOEC should be determined as the highest concentration that was not significantly different from the control. Using Figure 4.7 to illustrate, the 25% concentration would be considered anomalous, the reported NOEC would be 100%, and the reported LOEC would be >100%. Under these circumstances, test results should still note that the 25% concentration was statistically different from the control but was considered anomalous due to analysis of the concentration response curve and the above review steps.										TEST SENSITIVITY TEST ANALYSIS (PMSD) NOT APPLICABLE FOR TST STATISTICS USING THE CONTROL AND THE IWC. (REFER TO EPA DIRECTIVE TO COUNTY SANITATION DISTRICTS OF LA COUNTY ON DEC 24, 2013).

				6.4.1 Recommended Additional TACs: Lower and Upper Bounds for PMSD										NOT APPLICABLE

				6.4.2 How to Determine the NOEC Using the Lower PMSD Bound										NOT APPLICABLE

				6.4.3 Justification for Implementing the Test Sensitivity Bounds (using the MSD approach as an additional TAC for the toxicity test methods??										NOT APPLICABLE

				6.4.4 Guidance to Testing Laboratories on How to Achieve the Range of Performance for PMSD										LAB PERFORMANCE ISSUE NOT INDIVIDUAL TEST













































		6		Interrupted concentration-response: non-significant effects bracketed by significant effects

				This response pattern is similar to the previous response pattern in that the concentration-response curve is nonmonotonic (or interrupted), however, this response pattern is characterized by two or more test concentrations showing a significant difference from the control while an intermediate test concentration does not differ significantly from the control (Figure 4.8). When this response pattern is encountered, point estimation techniques will generally yield reliable results, but hypothesis testing results should be interpreted carefully. As mentioned for the previous concentration-response pattern, the identification of NOEC and LOEC values is severely compromised (Chapman et al., 1996) when the concentration-response relationship is nonmonotonic (as in Figure 4.8). For this response pattern, the test sensitivity should be evaluated as described below in addition to standard test review procedures to determine the validity of results determined by  hypothesis testing.

				a. Evaluate test sensitivity - When the response pattern depicted in Figure 4.8 is encountered, it is important to evaluate test sensitivity by comparing test MSDs to minimum and maximum MSD criteria recommended by EPA (USEPA, 2000). See Section 6.4 (EPA 2000) for additional guidance on implementing upper and lower bounds on test sensitivity.										NOT APPLICABLE, APPLICABLE TO MSDs AND LAB PERFORMANCE ONLY













































		7		Significant effects only at highest concentration

				This response pattern is characterized by only the highest test concentration producing a significantly different response from the control (Figure 4.9). This response pattern should be considered to be a valid concentration-response relationship and results determined by point estimation should be assumed to be reliable. Hypothesis testing results are also assumed to be reliable following the evaluation of test sensitivity as described below. If the response pattern depicted in Figure 4.9 (significant effects only at highest concentration) is encountered, the following review steps should be taken in addition to standard test review procedures: 

				a. Evaluate the concentration range 										NOT APPLICABLE

				b. Evaluate test sensitivity. Consult Section 6.4 for additional guidance.										NOT APPLICABLE







































		8		Significant effects at all test concentrations but flat concentration-response curve

				All of the test concentrations produce a response that is significantly different from the control response, but a clear concentration-response relationship cannot be determined. This response pattern could be due to: (1) extremely low variability in the control, (2) an unusually high control response, (3) an inappropriate dilution
water and improper use of dilution water controls, (4) inappropriate test dilution series, (5) potential pathogen effects in the effluent, (6) an unusual effluent-dilution water interaction. The following review actions should be taken to determine a cause for this concentration-response pattern and to subsequently determine the validity of calculated results

				a. Evaluate test sensitivity, Consult Section 6.4 (EPA 2000)										NOT APPLICABLE

				b. Evaluate control response - The concentration-response pattern depicted in Figure 4.10 could result from an unusually high response in the control treatment. Laboratories are encouraged to track the performance of controls in tests conducted over time. When the response pattern depicted in Figure 4.10 is exhibited, the control response for the test should be compared to historic control performance in the laboratory using the given dilution water. If the mean control response is above the normal range for that laboratory and dilution water, the sample should be retested.										CURVE 8 COULD BE DUE TO HIGH RESPONSE IN THE CONTROL COMPARED TO HISTORIC CONTROL PERFORMANCE. IF THE MEAN CONTROL RESPONSE IS ABOVE THE NORMAL RANGE FOR THE CURRENT TOXICITY TESTING FOR THAT LAB (IE. + 2 STD DEVIATIONS), THE SAMPLE SHOULD BE CONSIDERED SUSPECT.  RETESTING IS ONLY REQUIRED TO VALIDATE NOEC/LOEC.

				c. Evaluate dilution water - The improper use of dilution waters and dilution water controls could cause the concentration-response pattern depicted in Figure 4.10. It should be confirmed that test treatment concentrations were compared to the dilution water control and not a culture water control. A statistical comparison of the dilution water control and the culture water control should also be made if they are from different sources. If the dilution water control shows a statistically significant difference from the culture water control, alternate dilution waters should be considered and the sample retested (see Chapter 6 of this guidance).										Dilution water issues should be evaluated on a case by case basis.

				d. Evaluate test concentrations - If all test concentrations produce a complete effect (e.g., 100% mortality, zero reproduction, etc.), a flat concentration-response relationship will result. This concentration-response relationship should be considered valid, and it indicates high toxicity in the sample. Assuming that the concentration range used in the test brackets the permitted RWC, it is not necessary to retest the sample, since the test results clearly indicate toxicity. 										Concentration range brackets the IWC, so it is not necessary to retest the sample.

				e. Consider pathogen effect - The concentration-response pattern depicted in Figure 4.10 could also be due to the presence of pathogens in the effluent. The most common identifier of pathogen effects are sporadic mortalities and extremely high variability between replicates. The pathogen effect is more common in tests using fish species than in invertebrate testing. This pathogen effect also may be evident only in chronic tests and not in acute tests. Pathogen effects also may be seasonal in occurrence. If within-treatment CVs for survival are >40% for effluent concentrations and relatively small for control replicates in standard synthetic water, pathogen effect should be considered. If pathogen effects are suspected in the effluent, this may be confirmed in subsequent side-by-side testing using the effluent and the effluent treated by brief exposure to UV light or the addition of antibiotics, or increasing the number of replicates and using less test organisms in each replicate. If pathogen effects in the effluent are confirmed, the sample should be retested and the regulatory authority should be consulted prior to changing testing procedures.										Presence of pathogens in the effluent causing toxicity is a problem and the toxicity exceedance should still be valid.

				Continued testing - If all of the above scenarios have been investigated and have not revealed the cause of the response pattern, the results should be considered valid; however, continued testing should be initiated in an effort to identify the cause of the response pattern. If an effluent consistently exhibits this response pattern, additional investigations could include chemical analysis or initiation of TIE procedures.





















































		9		Significant effects at all test concentrations with a sloped concentration-response curve

				This concentration-response pattern is similar to the pattern identified in item #8 above except a concentration-response curve can be identified at the higher effluent concentrations (Figure 4.11). This pattern is considered to be a valid concentration-response relationship, and point estimation techniques will generally yield reliable results. Results determined by hypothesis testing techniques should be interpreted carefully, and the cause for significantly different effects at low concentrations should be investigated as described for the response pattern described in item #8.										VALID CONCENTRATION REPONSE CURVE

















































		10		10. Inverse concentration-response relationship

				This response pattern is characterized by a relationship in which adverse effects decrease with increasing effluent concentration (Figure 4.12). This situation is most often encountered in algal growth tests, and is typically caused by excess nutrients in the effluent. While a valid concentration-response relationship is demonstrated in this circumstance, the  effluent should be considered nontoxic since the direction of the concentration-response relationship indicates decreasing  adverse effects. ....in such situations, the inverse concentration-response pattern can result from toxicity in the receiving water or the limitation of necessary components (i.e., hardness) in the receiving water or adjusted synthetic water. Under such circumstances, the objective of the toxicity test should be evaluated (see Chapter 6 of this guidance). If the objective of the test is to determine the toxicity of the effluent in the natural receiving water, then the results indicate no toxicity in the sample. If the objective of the toxicity test is to determine the absolute presence of toxicity in the effluent, the sample should be retested using a standard synthetic dilution water. Toxicity or limiting components in the receiving water or adjusted synthetic water may mask the presence of low level toxicity in the effluent, making the absolute determination of toxicity in the effluent difficult.
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summary

		Per Method Guidance and Recommendations for WET Testing (40 CFR Part 136) (EPA 821-B-00-004) (July 2000)



		pg 4-4		Review of Concentration-Response Relationships														pg 4-5, "This chapter provides additional guidance on reviewing test data; it is not the intent of this chapter to recommend the frequent disqualification and repetition of WET tests. Several warnings and safeguards should be considered when implementing the guidance in this chapter. First, unexpected concentration-response relationships should not occur with any regular frequency. Second, it is not recommended to screen only those tests in which toxicity is found at or below theregular frequency. receiving water concentration (RWC). If screening is to be done for unexpected concentrationresponse relationships, all tests should be screened in a similar manner. Third, all testing results should be reported to the regulatory authority, and the regulatory authorities should review all tests (including those disqualified and repeated). Regulatory authorities should be alert to patterns such as a high or increasing test rejection rate or a tendency for disqualified tests to show toxicity more often than tests accepted without qualification. The guidance focuses on determining a cause for unexpected concentration -response patterns by recommending a step-by-step process. Based on this review, the guidance may recommend acceptance of the calculated results (eg NOEC or IC25) as valid and reliable, explanation of the calculated results as anomalous or retesting."

		"In general, when unexpected or apparently anomalous concentration-response relationships are encountered, EPA recommends the following:"



		1		Attempt to determine a cause for the response

		2		Follow guidance for specific concentration response patterns

		3		Increase testing frequency

		4		Coordinate with regulatory authorities, permittees & testing laboratory







				(X indicates that retesting should be performed depending on the outcome of each step)										Test Review				Concentration Review
(Not applicable for 100% IWC)				Evaluate NOEC / IC25 (Not applicable if not calculating NOEC/IC25)								Additional Factors (Evaluated on case-by-case basis)

		Patterns of Concentration Response Relationships (Curves 1-3 are Valid Concentration Response Curves and no review is necessary, see Note h)												Check for Test Condition or Procedural Errors		Evaluate Control Response		Evaluate Conc. Range		Evaluate Test Concentrations		Compare Hypothesis Test Results /Pt. Estimates (NOEC/IC25)				Evaluate Within Treatment Variability		Evaluate Test Sensitivity		Evaluate Dilution Water		Consider Pathogen Effect				Concern noted in EPA-821-R-02-013





		4												4. Stimulation at low concentrations but no significant effect at higher concentrations

														(Note a)														X(Note b)								Hypothesis testing should produce reliable results, assuming that adequate test sensitivity is maintained

																												X(Note b)								Point estimation techniques should be interpreted carefully because the inhibition concentration procedure is based on a monotonically non increasing curve.

																		X																		if the highest concentration was less than 100%, the effluent should be retested at a higher test concentration

																X(Notes b&c) 																				Could be a result from poor performance in the controls, compare the control response to the normal control response for the lab

																						X(Note b)														if NOEC and IC25 are in agreement, then the test should be reported and is valid



														5. Interrupted concentration response: significant effect bracketed by non-significant effects																						Point estimation techniques will generally yield reliable results

		5																																		Hypothesis testingresults should be interpreted carefully.

																																				NOEC/LOEC method based on monotonically non-increasing curve, In circumstances where the concentration response relationship is non-monotonic, the identification of NOEC and LOEC values is severely compromised.

														X (Note a)																						Rule out procedural errors and check to make sure assignment of test organisms properly randomized.

																										X										Poor performance in a single replicate could bias mean response, evaluate within treatment variability. If the responses from all but the single outlier replicate are consistent with the control response, then the sample should be retested.

																												X								Discrepancies between NOEC and IC25 could be due to test sensitivity. Compare to PMSD criteria.

																																				If test sensitivity is moderate to high (PMSD below the max recommended and within the labs typical performance range), and none of the preceeding evaluations have determined a cause for this response pattern, most likely a Type I error.



														6. Interrupted concentration-response: non-significant effects bracketed by significant effects																						Non-monotonic, point estimation techniques will generally yield reliable results, but hypothesis testing results should be interpreted carefully., the identification of NOEC and LOEC values is serverly compromised

		6												(Note a)																						Check standard test review procedures

																												X								Evaluate test sensitivity by comparing test PMSDs to minimum and maximum PMSD criteria established by EPA. I f test PMSD is above max criterion, the sample should be retested.



														7. Significant effects only at highest concentration (Note d) 																						Should be considered a valid concentration response relationship and results determined by point estimation should be assumed to be reliable

		7																										X needed for NOEC/ LOEC								Hypothesis testing results are also assumed to be reliable follwing the evlaution of test sensitivyt as described below.

																		X																		If highest effluent concentration used less than 100%, future tests should be adjusted.



														8. Significant effects at all test concentrations but flat concentration-response curve (Note f)																						This response pattern could be due to (1) extremely low variability in the control (2) an unusually high control response, (3) an inappropriate dilution water and improper use of dilution water controls, (4) inappropriate test dilution series (5) potential pathogen effects in the effluent (6) unusual effluent-dilution water interaction

		8

																X
(Note e)				X
(Note g)								X		X		X				If all of the above scenarios have been investigated and have not revealed the cause of the response pattern, the results should be considered valid. If an effluent consistetntly exhibits this response pattern, additional investgiatons could include chemical analysis or initiation of TIE.





														9. Significant effects at all test concentrations with a sloped concentration-response curve

		9

																		"This pattern is considered to be a valid concentration-response relationship, and point estimation techniques will generally yield reliable results. Results determined by hypothesis testing techniques should be interpreted carefully, and the cause for significantly different effects at low concentrations should be investigated as described for the response pattern described in item #8."



														10. Inverse concentration-response relationship (typically caused by excess nutrients in the effluent).

		10																This type of response is most often encountered in algal growth tests and is typically caused by excess nutrients in the effluent. Retesting is only recommended to use a standard synthetic dilution water.  Utilizing a standard synthetic dilution water is common practice.





				Notes:

				a) The introduction for Concentration Response Curve 4 states that the "following review steps should be taken in addition to standard test review procedures."

				b) If NOEC and IC25 don't agree, the evaluate control response, evaluate the test sensitivity and evaluate the Icp calculation should also be done.

				c) Retesting of the effluent is recommended if (1) a particular test exhibits the response pattern depicted in Figure 4.6, (2) there is disagreement between NOEC and IC25 estimates, and (3) the mean control response is well below the laboratory’s normal range of control performance.

				d) This response pattern should be considered to be a valid concentration-response relationship and results determined by point estimation should be assumed to be reliable. Hypothesis testing results are also assumed to be reliable following the evaluation of test sensitivity.

				e) Compare control response to historical control performance. If the mean control response is above the normal range (+ 2 Std Deviations) for the lab and dilution water, the sample should be retested.

				f) If all of the above scenarios have been investigated and have not revealed the cause of the response pattern, the results should be considered valid; however, continued testing should be initiated in an effort to identify the cause of the response pattern. If an effluent consistently exhibits this response pattern, additional investigations could include chemical analysis or initiation of TIE procedures.

				g) Retesting due to effluent test concentrations is only recommended if the test concentration range used was too narrow to distinguish a shallow sloped concentration response curve.

				h) Valid Concentration Response Curves, no review necessary.																				3. Stimulatory response at low concentrations and detrimental effects at higher concentrations

						1. Ideal concentration												2. All or nothing response
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Sheet2

		Per Method Guidance and Recommendations for WET Testing (40 CFR Part 136) (EPA 821-B-00-004) (July 2000)



		pg 4-4		Review of Concentration-Response Relationships





		1		Attempt to determine a cause for the response

		2		Follow guidance for specific concentration response patterns

		3		Increase testing frequency

		4



														concerns



				(X indicates that retesting should be performed depending on the outcome of each step)

		Patterns of Concentration Response Relationships (Curves 1-3 are Valid Concentration Response Curves and no review is necessary, see Note h)



														hypothesis testing should produce reliable results, but point estimation techniques should be interpreted carefully

														if the highest concentration was less than 100%, the effluent should be retested at a higher test concentration

		4												if NOEC and IC25 are in agreement, then the test should be reported and is valid

														Could be a result from poor performance in the controls, compare the control response to the normal control response for the lab

														Discrepancies between NOEC and IC25 could be due to test sensitivity. Compare to MSD criteria.

														Discrepancies between NOEC and IC25 could be due to biasfrom the Icp smoothing technique. Calculate the observed percent difference and compare the response 

														Point estimation techniques will generally yield reliable results

														Hypothesis testingresults should be interpreted carefully.

		5												NOEC/LOEC method based on monotonically non-increasing curve, In circumstances where the concentration response relationship is non-monotonic, the identification of NOEC and LOEC values is severely compromised.

														Check for test condition or procedural errors









		6







		7







		8







		9







		10







				Notes:

				a) The introduction for Concentration Response Curve 4 states that the "following review steps should be taken in addition to standard test review procedures."

				b) If NOEC and IC25 don't agree, the evaluate control response, evaluate the test sensitivity and evaluate the Icp calculation should also be done.





				e) Compare control response to historical control performance. If the mean control response is above the normal range (+ 2 Std Deviations) for the lab and dilution water, the sample should be retested.



				NOEC







						1. Ideal concentration
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San Jose Creek NPDES Permit Requirements vs Multi-Concentration Requirements, including Concentration Response Review 

Background

The San Jose Creek NPDES permit requires that chronic Whole Effluent Toxicity (WET) tests be statistically analyzed using the Test of Significant Toxicity (TST) statistical approach for compliance purposes.  States are authorized to choose the statistical approach used to statistically analyze toxicity test data.  The chronic WET test methods are to be conducted in accordance with 40 CFR 136 which references the Short-term Methods for Estimating Chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms (EPA-821-R-02-013, October 2002).  This update to the WET Test Methods went into effect on December 19, 2002. In the NPDES program, one objective of the Short-term Methods is to estimate the “safe” or “no effect” concentration of mixtures of substances in an effluent or ambient sample that will allow normal propagation of fish and other aquatic life in receiving waters (EPA, 2002, section 9).  Although a multi-concentration test design for chronic effluent monitoring is required by the individual WET test methods (see test condition requirement in tables of summary of test conditions and test acceptability for each WET test method), section 8.10.1 of the Short Term Methods (EPA, 2002) recommends, but does not require, a multi-concentration statistical approach to determine discharge point permit compliance in the NPDES program.

Another type of test design referenced in the Short Term Methods is for receiving water toxicity tests which commonly test a control and the undiluted receiving water.  In section 8.11.1 and 8.11.2 of the Short Term Methods, allow for the tests to consist of the 100% receiving water compared to the control.  This also stated under individual WET test methods (see test condition requirement in tables of summary of test conditions and test acceptability for each WET test method), where it says Receiving waters:  100% receiving water (or minimum of 5) and a control (recommended).  Note, it is not required to have the test conducted with multiple concentrations of the receiving water.  The objective of the TST statistical approach coincides with the objective of the one concentration and a control receiving water test design and statistical analysis.  Both only utilize the test data results from the control and the 100% concentration to determine if the sample at the IWC chosen by the permitting authority is toxic.

However, a test condition in the Summary of Test Conditions and Test Acceptability Criteria for each of the tested species in the Short-term Methods, requires that the effluent chronic toxicity test design include a minimum of 5 concentrations and a control and recommends that the Receiving Water chronic toxicity test include only one concentration and a control, with a minimum of 5 concentrations and a control as another option when necessary for the chosen statistical approach (i.e., NOEC/LOEC, IC25, LC50).  Since the objective of the one-concentration and a control receiving water test is the same as the TST statistical approach required in the San Jose Creek permit, the test design recommended for the receiving water test (i.e., one-concentration and a control) is more appropriate than the multi-concentration and a control test design used to determine the “no effect” concentration by the NOEC/LOEC, IC25, or LC50.

The “Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and Marine Organisms” (October 2002, EPA 821-R-02-012) has the same language for the effluent and receiving water as the chronic toxicity testing in the Short Term Methods.  In Region 4 permits, the acute toxicity testing requirement has been that “The acute toxicity of the effluent shall be that no single test producing less than 70%.”  Dischargers throughout Region 4, including the County Sanitation District, have been doing a one concentration and a control test design [and no statistical approach!] to satisfy this permit requirement even though it is in conflict with one of the test condition requirements in the Summary of Test Conditions in the test methods.

[image: ]The 2002 Chronic Toxicity Short Term Test Method acknowledges in Section 9.4.1.2 that there are other approaches for statistical analysis that can be used by permitting authorities for analyzing WET test data used to make decisions in the NPDES program.  Working with EPA Region 9, the Region 4 Water Board is incorporating the TST statistical approach into all of its NPDES permits at the time of permit renewal.  This statistical approach utilizes the data from the control and from the 100% concentration sample and determines if the 100 % sample is toxic. [How toxic, in relation to the control, is also reported.] In the Summary of Test Conditions in the Short Term Methods for each of the tested species, a multi-concentration test design is required and is then used for effluent testing to estimate the “no effect” or NOEC concentration. Since the test objectives between the TST and the NOEC are different, both because the TST is statistically more powerful and more correctly identify truly toxic and non-toxic samples, and the Short Term Test Methods have not been updated to specifically incorporate the TST approach for statistical analysis, Regional Board Staff has reviewed the applicability of test review procedures in Short Term Methods developed for the NOEC/LOEC approach that conflict with the TST objective—more correctly identifying truly toxic and nontoxic samples and in a transparent and non-subjective manner.  The WET test procedures are the same in both cases so the lab quality assurance procedures not dealing with the statistical analysis are all applicable.  These procedures include the sampling and handling, the test acceptability criteria, the test conditions, ongoing reference toxicant testing and tracking, and ongoing control performance tracking for each toxicity test in comparison to historical laboratory performance and in comparison to laboratory performance nationally.

Concentration Response Relationship Review

The procedures where conflict appears to arise—due to the differences in the test objective/statistical approach—are the concentration response relationship review and the one measure of within-test variability (i.e., PMSD). Note, within-test variability is the amount of variability between the individual responses at a given test concentration.  So, if there is a lot of within-test variability at a given concentration, it may be called statistically non significant (lacks statistical power) even when there is a large effect observed at that concentration (see above figure). The concentration response review and PMSD check are necessary when calculating the NOEC statistical approach because the NOEC is based on a monotonically non-increasing curve.  In circumstances where the concentration response relationship is non-monotonic, the identification of the NOEC and the Lowest Observable Effect Concentration (LOEC) is severely compromised.  By reviewing the concentration response curve from a multi-concentration test used to identify the NOEC, the characteristics of the curve versus the assumed monotonically non-increasing curve will determine if there is a problem with the assumptions used in correctly identifying the NOEC /LOEC. The TST statistical method is not hampered with the same assumption since this approach encourages high quality data (good statistical power or less within-test variability) when comparing the IWC and control.  

Due to the inherent problems (weaknesses) with the NOEC/LOEC statistical approach, USEPA developed national guidance, to help interpret and evaluate the concentration response relationships in effort to more correctly identify the NOEC/LOEC, in “Method Guidance and Recommendation for WET Testing (40 CFR Part 136)” (EPA 821-B-00-004). By comparing the concentration response curve from the WET test to the ten concentration patterns in EPA 821-B-00-004, unexpected patterns that were not previously included in the assumptions to calculate and correctly identify the NOEC/LOEC, and rarely point estimates (such as IC25), can be identified.  The expected response patterns are classified as normal or valid and do not require any further review (Curves 1, 2 and 3).  The remaining concentration response relationships are shown in the attached table, with a description of the recommended review response by the laboratory.  The recommended evaluations for each of the response patterns are identified in the attached table and are described below along with the reason for the recommended review.  Note:  The TST statistical approach does not have these data interpretation issues, meaning that it reduces the subjectivity of the data interpretation step.  Therefore the review of CRR and PMSD are not needed because there is less ambiguity in the data interpretation Test Review step.  

Review Standard Test Procedures

Reviewing the test review procedures is done throughout the WET test and at the completion of the test.  Ensuring that the test conditions have been followed and the Test Acceptance Criteria has been satisfied is recommended for Curves # 4, 5 and 6.

Check for Test Condition Procedural Error

The interrupted concentration response curve # 5 is the only curve where it is recommended to Check for Test Condition Procedural Error as part of its evaluation.  This step duplicates the quality assurance check that is conducted at the completion of the test.

Evaluate Concentration Range

Curves # 4 (Stimulation at low concentration but no significant effect at higher concentrations) and 7 (Significant effects only at highest concentration) recommend that the test be reviewed to determine if the highest concentration is high enough.  If the highest concentration of the multi-concentration test is already 100%, then this review step is not applicable.  For the Region 4 freshwater permits where the IWC is 100%, this review step is also not applicable.

Evaluate Test Concentrations

The EPA guidance recommends that the test concentrations be reviewed and possibly revised for future testing for Curve # 8 (Significant effects at all test concentrations but flat concentration response curve).  Because all of the concentrations are significantly different than the control and all have a similar effect, there is a concern that the test concentration range was too narrow to have a concentration with no significant effect.  As long as the IWC is within the test bracket, this test result should be considered valid.  This review step is not applicable to the TST statistical approach.

Compare Hypothesis Test Results (NOEC) to Point Estimates (IC25)

This review step is recommended for Curve # 4 (Stimulation at low concentration but no significant effect at higher concentrations) and the result of this comparison determines whether the control response and the test sensitivity should be evaluated.  Since the assumptions for the hypothesis testing and point estimate testing are different, if there is agreement for this type response, further evaluation is not necessary.  This review step is not applicable to the TST analysis since neither the NOEC nor the IC25 is calculated.

Evaluate Control Response

The evaluate control response review step is recommended when there could be poor performance in the controls.  In the case of Curve # 4, the control is less than anticipated and for Curve # 8, the control is more than anticipated.  The control response is evaluated by comparing the control response (mean, standard deviation, coefficient of variation) for the test to the historical control performance in the laboratory.  If the mean for the control response is below the normal range for the laboratory and dilution water for Curve # 8, or if the mean for the control response is above the normal range for Curve # 4, then the sample should be retested.  Normal range for the mean control response as discussed in section 4.16.4 of the Chronic Toxicity Short Term Methods should be +/- 2 standard deviations, for a 95 % confidence for reference toxicant tests.  This test review step is applicable to the TST test, but duplicates the quality assurance checks on the: (1) reference toxicant tests and (2) control responses for the mean, standard deviation, and coefficient of variation (CV) that are conducted at the completion of the test, consistent with the Chronic Toxicity Short Term Method, to document ongoing lab performance, both in relation to the laboratory’s historical performance and the performance of toxicity laboratories nationally. For States wanting to use the TST statistical approach, EPA has provided performance information for toxicity laboratories nationally, for each test method, expressed in terms of control mean, standard deviation, and CV, compiled during development of the TST. 

Evaluate Within Treatment Variability

As noted in Short Term Methods, section 10.2.8.2, within test variability must be reviewed and variability criteria must be applied for NPDES permits requiring sublethal hypothesis testing endpoints such as NOEC.  The Percent Minimum Significant Difference (PMSD) is solely calculated for statistical endpoints calculated based on multi-concentration test designs to measure the within-test variability; Table 6 in the Short Term Methods gives the acceptable PMSD range for test methods for different species.  To assist in reviewing within test variability, EPA recommends maintaining control charts of PMSDs calculated for a minimum of 20 successive tests.  Within treatment variability is reviewed for concentration response Curve # 5 (Interrupted concentration response: significant effect bracketed by non-significant effects). This step is necessary to determine the validity of the calculated NOEC because poor performance in a single replicate can bias the mean response for a given test concentration and cause that concentration to differ significantly from the control.  Within treatment variability for the TST statistical test is monitored by calculating the control standard deviation (SD) and coefficient of variation (CV) and comparing them to historical results in the laboratory and to toxicity laboratory performance nationally.  The PMSD review is not applicable to the statistical approach using only one concentration and a control, such as the TST, as verified by the State Water Board in the ELAP review letter to the San Jose Creek Laboratory dated August 7, 2014 and the EPA letter dated December 24, 2013. Nor did EPA need to develop PMSD values for acute multiple concentration tests, or the test design of a single concentration compared to a control which has been used for many years (+25 – 30 years). 

Evaluate Test Sensitivity

As stated in section 9.2.3.5 of Short Term Methods for Chronic Toxicity, the estimate of the NOEC (hypothesis test statistic) is always dependent upon the experiment design, and the examination of the sensitivity of the test is extremely important. Discrepancies between the NOEC and the IC25 could be due to the test sensitivity (i.e., lack of statistical power). The test sensitivity is also evaluated using the PMSD and is recommended for the following curves:

	4 – Stimulation at low concentrations but no significant effect at higher concentrations 

	5 – Interrupted concentration response: significant effect bracketed by non-significant effects

	6 – Interrupted concentration response: non significant effects bracketed by significant effects

	7 – Significant effects only at highest concentrations

Although test sensitivity (either too low or too high) is a critical component of the NOEC and IC25 calculations, it is not a factor in the TST statistical approach where concerns over test sensitivity are addressed by the option to increase test replication and active QA steps taken by the laboratory to improve laboratory performance metrics.

Evaluate Dilution Water 

Curve # 8 represents significant effects at all test concentrations but a flat concentration-response curve. One possible explanation for this type of curve is the improper use of dilution water, such as using a culture water control instead of the dilution water control.  This type of error should also be identified as part of the QA Check for Test Conditions or Procedural Errors.

Consider Pathogen Effect

The Pathogen Effect evaluation step is recommended for Curve # 8: Significant effects at all test concentrations but a flat concentration response curve.  The significant effects at all test concentrations could be due to the presence of pathogens in the effluent and is most commonly identified by sporadic mortalities and extremely high variability between replicates.  This type of effect is not common if laboratory control water is used as the dilution water instead of ambient water.  Although this review step is applicable to multi-concentration, other WET quality assurance steps (proper glassware cleaning) would have identified or reduced pathogens were present in a toxicity test using the TST statistical approach.

Conclusion

Based on the above discussion and the summary provided in Table 1, the QA and test review components and steps applicable to the chronic toxicity effluent limitation of Pass or Fail for the San Jose Creek NPDES Permit include:

· Review Standard Test Procedures 

· Check for Test Condition Procedural Errors 

· Evaluate Control Responses (examine mean control and standard deviation for each endpoint)

· Evaluate Dilution Water 

· Conduct ongoing reference toxicant tests and plot performance over time for each test method and endpoint

Since all of these QA and review steps are also part of the Quality Assurance protocol for the WET test methods, a concentration response review of the San Jose Creek toxicity effluent results is not necessary or required when not using a NOEC/LOEC or IC25 statistical approach. It provides no information that can be used to change a TST statistical approach result from “Pass” to “Fail”, or “Fail” to “Pass”.
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